movement of people to large cities, which contributes to disadvantaging and marginalising the majority of the urban population (Watson, 2013) . While urbanisation is among the most powerful and visible anthropogenic forces on earth (Bogaert, Vranken, & André, 2014) , African cities with an overwhelmingly large population have induced serious environmental challenges (Economist Intelligence Unit, 2012) . Meanwhile, an alternative group of policy makers and urban planners have favoured developing small and medium-sized cities as the primary mode of urbanisation in Ethiopia. Predicated on the assumption that high population growth is experienced in the country's rural areas, this approach favours small and medium-sized cities as the main employment centres. On this basis, a polycentric urban scenario is proposed, in which large secondary cities and the consolidation of urban clusters can generate and redirect economic development to small and medium-sized cities including their rural hinterlands. It should be questioned, however, how much (central) government policies have influenced the city size distribution in Ethiopia. In exploring this question, this paper aims to increase understanding of the country's city size distribution pattern and its evolution over time.
Studies on city size distribution are important to describe the dynamic nature of urban growth processes (Benguigui & Blumenfeld-Lieberthal, 2007; Dobkins & Ioannides, 1999; Wu & He, 2016) . A central question about city size distribution is whether the city growth pattern is convergent, divergent or parallel (Sharma, 2003; Eaton & Eckstein, 2007) . A convergent growth pattern occurs when smaller cities grow faster than larger cities; divergent growth refers to larger cities growing faster than smaller cities; and parallel growth refers to similar growth rates independently of city size. For example, Tisabay, Maichew, and Harar are three differently sized cities in Ethiopia. In 1984, they had 2, 867, 14,190, and 62,160 inhabitants, respectively; in 2012 , these numbers had increased to 22,229, 31,088, and 112,781 , representing respective growth rates of 675 per cent, 119 per cent, and 81 per cent. When smaller cities like Tisabay grow much faster than medium or large cities, a convergent growth pattern is observed.
In this study, we investigated city size distribution changes in the Ethiopian urban system from 1984 to 2012, aiming to answer the central question: 'Which urban growth pattern is the Ethiopian urban system following?' Since large cities are expected to have better economic opportunities than small and medium-sized cities, we hypothesise that the former have grown faster than the latter (Eberts & McMillen, 1999; Xu & Zhu, 2009) .
There are at least four reasons why understanding the city size dynamics of Ethiopia is of particular interest. First, every urban planning strategy emanates from deeper understanding of the essential spatial dimensions of cities and their changes over time (Angel, Parent, Civco, & Blei, 2011) . As Ethiopia has been facing complex urban planning and development challenges (Schmidt & Kedir, 2009) , conceptualising Ethiopian city size distribution is a valuable contribution to policy discourse. Second, given the limited scholarly research on this topic, systematic examination of the overall city size distribution in Ethiopia is needed. Wubneh (1980) published a related work almost 40 years ago, which is now rather obsolete, while Wubneh's (2013) more recent work focuses mainly on Addis Ababa. The latter found parallel growth in Ethiopia's urban system, with declining dominance of the primate city, Addis Ababa. Hence, a more complete, thorough, and up-to-date analysis of the country's city size distribution is required. Third, empirical studies on this topic devoted to developing countries and emerging economies (Berry & Okulicz-Kozaryn, 2012; Schaffar & Dimou, 2012) provide comparator cases in Sub-Saharan Africa. Finally, since 1991, Ethiopia has experienced a decentralised government structure, resulting in the formation and expansion of urban centres in each district and sub-district across the country. Its repercussions on the country's urban system warrant examination.
Data description and methods

Data description
This paper examines Ethiopia's city size distribution based on data from the CSA, a government agency responsible for producing statistical data on demographic and socio-economic conditions. To date, Ethiopia has carried out three national censuses : in 1984 : in , 1994 : in (Wubneh, 2013 . Data collected in 1984 include the present independent state of Eritrea; hence, all the 26 Eritrean cities were excluded from our dataset. Otherwise, we took data from the three national censuses and the CSA's official projections for 2012. For comparison, we used data from Kenya and Uganda. These two countries were chosen for four principal reasons: (i) their similarity in the composition of the overall low percentage of urban population; (ii) they have also been experiencing rapid urban population growth; (iii) availability of data; and (iv) they are geographically proximate to Ethiopia. We used census data from 1979, 1989, 1999, and 2009 for the two-comparator countries, sourced from the national statistical offices of Kenya and Uganda (available online from https://www.citypopulation.de/Africa.html). The primary unit of analysis is cities.
We first determined what constitutes a city in the Ethiopian context. Hence, a standard definition of what constitutes a city or urban centre is adopted for statistical purposes and used at the national level, by referring to Ethiopian planning law. The law defines a city in Ethiopia as an 'urban centre' with an established municipality or with a population size of 2000 or more inhabitants, in which 50 percent of the labour force are primarily engaged in non-agricultural activities (FDRE, 2008) . This paper adopted the Structure Plan Guide of the Ethiopian Ministry of Urban Development and Construction for classifying Ethiopian cities (Ministry of Urban Development and Construction, 2012) . It includes the following urban classifications and their city population cut-offs: 'small town' (2000 to 20,000 people); 'medium town' (> 20,000 to 50,000); 'large town' (> 50,000 to 100,000); 'city' (> 100,000 to 1,000,000); and 'metropolis' (> 1,000,000). It should be noted that the general term 'city' is used in this paper to refer to urban centres, independently of their size. There are various reasons for adopting this classification. First, it sets a minimum threshold for the initiate city size, which is important for our study. A few small settlements considered as cities for administrative purposes are excluded from our dataset because it is difficult to distinguish them from other small settlements (Anderson & Ge, 2005) . Second, this classification enables us to identify, track, and interpret settlements that become or cease to be cities during the study periods. Third, it has been developed to determine the scale level of structure planning, the type of urban planning standards to apply, and the type and contents of urban data to collect (Ministry of Urban Development and Construction, 2012) . This paper adopted both typical cross-section and panel data. The cross-sectional data include cities with available population data in a given time period. The panel data comprise only cities available in all four-time periods and hence exclude all cities formed after 1984. Having data over time is useful as it allows us to examine dynamic relationships, which we cannot do with a single cross section (Wooldridge, 2002) . The number of cities included in our cross-sectional data increased from 323 in 1984 to 869 in 2012 (Table 2) , while our panel dataset comprises 293 cities.
Methods
The Gini coefficient is commonly used to measure the distribution of quantifiable items and events in a population, region, or nation. It is derived from the Lorenz Curve (Schechtman & Yitzhaki, 2013; Wangbao & Bohong, 2004) , itself based on the relationship between the cumulative distribution of the variable (x-axis) and the cumulative percentage of the variate (y-axis). The line y=x represents a uniform distribution of events or phenomena in which all members of the population have an equal proportion.
The Gini coefficient has been extensively applied in city size distribution studies (Henderson & Wang, 2006; Wang & Zhu, 2013) . For example, (Wang & Zhu, 2013) applied the Gini coefficient when studying city size distribution in China, finding an approximately parallel long-term growth process. Meanwhile, (Henderson & Wang, 2006) employed Gini coefficients to examine how increases in the numbers and sizes of cities shaped urbanisation.
Calculating spatial Gini coefficients gives an overall measure of inequality for the entire distribution. To calculate the Gini coefficient, we ranked all cities from smallest to largest on the x-axis and the cumulative share of their population on the y-axis. The Gini coefficient equals the area between the 45°line and the plotted curve as a proportion of the total area below the 45°line (Henderson & Wang, 2006) . The size distribution is less equal when this area is greater, as smaller cities account for a smaller cumulative share of the sample population. The value of the Gini coefficient lies between 0 and 1: a value of 0 implies perfect equality, whereas 1 indicates perfect inequality (Schechtman & Yitzhaki, 2013) . Therefore, if Ethiopian cities follow a convergent (divergent) growth pattern, the Gini coefficients are expected to decrease (increase). Conversely, if the growth pattern of Ethiopia's city size distribution is parallel, the Gini coefficients should remain relatively stable over the studied years. We performed Gini coefficient statistical analysis using the statistical software language R (R Core Team, 2013).
Results
Overview
Ethiopia has experienced rapid urbanisation since 1984, as shown in Table 1 and Fig. 1 . While the country's total population more than doubled from 1984 (~40 million) to 2012 (~84 million), its urban population increased more than threefold, from~4.5 million in 1984 to~14.5 million in 2012. This implies a rapid increase in the percentage of the total population living in urban areas, from 11 per cent in 1984 to~17 per cent in 2012. The number of cities in the two censuses, as defined by the CSA, increased from 648 in 1984 to 972 in 2007. Likewise, the average city population increased from~7000 inhabitants in 1984 to~15,000 inhabitants in 2012.
As shown by the distribution data in Table 2 , Ethiopia's urbanisation is characterised by many small cities, a lesser number of medium-sized cities, and very few large cities. The percentage of cities with a population below 20,000 was~93 percent in 1984, but declined to~86 percent in 2007. In nominal terms, the number of large cities with more than 50,000 inhabitants increased from 10 in 1984 to 36 in 2012. Addis Ababa, which is a primate city and the national capital, had 3,103,673 inhabitants in 2015, which accounts for~20 percent of the country's total urban population. Throughout the study period, more than 86 percent of cities had a population between 2,000 and 20,000 inhabitants, accounting for about~37 per cent (CSA, 2008) of the total city population. The period between the second and third censuses (1994 to 2007) exhibits rapid urban expansion.
Therefore, a key feature of Ethiopian urbanisation is the formation of many new cities. In addition, many small cities are evolving into medium-and large-sized cities, while large cities are also growing. These population increases are associated with the increased provision of urban infrastructure and services that accompanied the administrative decentralisation process (Ethiopian Civil Service University, 2015). 
Time-series gini coefficients of city size distribution
The time-series Gini coefficients derived from different samples and datasets are presented in Figs. 1 and 2. We use 1984 as the base year for two reasons: (1) city size distribution study is sensitive to different sample sizes (Bee, Riccaboni, & Schiavo, 2013; Guérin-Pace, 1995) ; and (2) to ensure the robustness of our findings (Wang & Zhu, 2013) . To identify the effect of the primate city, our analyses included datasets with and without Addis Ababa. Fig. 1 is based on panel data of 293 (with Addis Ababa) and 292 (without Addis Ababa) cities. The panel data include only cities existing in all four sample years of the 28-year study period. In general, we observe similar growth patterns in both datasets across the four sample years. For panel data of the 293 cities, the Gini values for 1984, 1994, 2007, and 2012 are situated between 0.695 and 0.672. Meanwhile, the Gini values for the 292-city panel (excluding Addis Ababa) for the four years are between 0.554 and 0.523. The findings reflect a tendency of general parallel growth in both datasets, since no abrupt or strong changes in Gini coefficient values are observed. Fig. 1 also indicates that Addis Ababa significantly increases the Gini value of inequality in Ethiopia's city size distribution, which could be expected given its outstanding size compared to the country's other cities. Considering the relatively long (1984, 1994, 2007 and 2012 A. Ermias et al.
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time between sample years, the values of the two lines can be considered parallel, suggesting that cities of different sizes in Ethiopia follow a parallel growth pattern. Fig. 2 is based on the cross-sectional data, i.e. all cities with population data available for each year. The dataset comprises 323 cities in 1984, 506 in 1994, 802 in 2007, and 869 in 2012. The Gini coefficient for the dataset including Addis Ababa ranged between 0.658 and 0.686 during the 28 studied years; by contrast, the Gini coefficient for the dataset excluding Addis Ababa ranged between 0.517 and 0.571 over the same period. Both lines indicate that city size distribution presented generally parallel growth, since only relatively small changes are observed. The impact of the capital city on distribution inequality is confirmed.
Addis Ababa is a primate city with a population eleven times greater than that of the second largest city. However, the percentage of the country's urban population living in Addis Ababa declined from 32 percent in 1984 to 20 percent in 2012. Ethiopia's decentralisation policy and the subsequent formation of new cities could play a key role in shaping the effect of Addis Ababa (Arup International Development, 2016) .
To further explore the nature of Ethiopia's city size distribution, we calculated Gini coefficients for cross-sectional datasets with different cut-offs. Table 3 illustrates the Gini coefficients and number of cities using cut-off points of 20,000, 50,000, and 100,000 inhabitants. The Gini coefficient for cities with a population exceeding 100,000 in 1984 is zero, since only Addis Ababa satisfies that criterion. In most cases, the Gini coefficients successively decrease, showing consistent decline in the inequality of city size distribution in Ethiopia. One exception is the increase in the Gini coefficient in 1994. This could be a result of the formation, expansion and rapid growth of Ethiopian regional or 'secondary' centres. For the first time in the country's history and since 1991, Ethiopia had decentralised administration to the regions to encourage more consistent growth across the country (ARUP, 2016).
Ethiopia's city size distribution was then compared against the equivalent distributions in two neighbouring African countries: Kenya and Uganda. Fig. 3 plots the Gini coefficients based on cities of the three countries with a population exceeding 10,000 inhabitants, measured at different points between 1979 and 2012. As noted earlier, we used data collected from national censuses in 1979, 1989, 1999, and 2009 for Kenya and Uganda; city-level data were unavailable for the exact years in which data were collected on Ethiopia. Fig. 3 shows that the Gini coefficients ranged between 0.701 and 0.739 for Kenya, between 0.587 and 0.622 for Uganda, and between 0.609 and 0.654 for Ethiopia. Given the limited differences between the years, no significant changes should be inferred from this analysis.
The Ethiopian city size distribution exhibits a continuous (albeit slight) decreasing trend, reflecting slow decline in the inequality of city size distribution in Ethiopia. In contrast, the Gini coefficients for Kenya and Uganda show initial increases followed by slow decline. Gini coefficients are highest for Kenya and lowest for Uganda, with the values for Ethiopia in between (but closer to those for Uganda) (Fig. 3) . All three country's lines show that city size distribution presented approximately parallel growth, with a little divergence from 1979 to 1989 for both Kenya and Uganda, and a little convergence from 1999 to 2009 for Kenya.
Under the 1995 Constitution of Ethiopia the country was reconstituted into a federation of nine ethnically based regional states A. Ermias et al.
and two chartered cities. The regional states comprise Afar, Amhara, Benishangul-Gumuz, Gambella, Harari (the smallest and urbanised), Oromia, Southern Nations, Nationalities and Peoples' (SNNP), Somali, and Tigray; the two chartered cities are Addis Ababa and Dire-Dawa (FDRE Federal Democratic Republic of Ethiopia, 1995) . Based on this administrative division, Fig. 4 presents Gini coefficients across the eight major regions of Ethiopia. Overall, the city size distribution at regional level exhibits two main characteristics. First, there are disparities among regional states. For example, Benishangul Gumuz and Afar have lower Gini coefficients than the other regions. Second, in terms of trends, the Gini coefficients rose slightly across all regions except for Gambella. As Fig. 4 shows, the trend provides a parallel but slightly diverging pattern. The highest percentage change from 1994 to 2012 was recorded for Afar (9.2 percent), followed by Gambella (6.9 percent), and Benishangul Gumuz (6.4 percent). In the country's federal system, these regions with high Gini coefficients are considered 'emerging regions' and they have been experiencing an increase in the number of cities.
Discussion
Validation of results and future improvements
Urbanisation and city size distribution can be studied using different methods. In both developed and developing countries, a useful measure of city size distribution is time-series Gini coefficients (Wang & Zhu, 2013) . Prior empirical studies have tested whether the relative size and rank of cities remain stable over time. Such findings help to determine urban growth processes, whether parallel, divergent, or convergent (Eaton & Eckstein, 1997) , generating results with policy implications (Soo, 2007) . Eaton and Eckstein (1997) studied the size and rank of French and Japanese cities and favoured a parallel growth pattern over divergent or convergent growth patterns. Based on urban data from the United States. Black and Henderson (1999) developed and found support for a theoretical model of parallel growth in the size and number of cities. Ioannides and Overman (2003) constructed a stochastic kernel for evolution in the distribution of U.S. metropolitan area populations from 1900 to 1990. Their study's results indicated the parallel growth process of U.S. cities. Finally, Dobkins and Ioannides (2001) studied the dynamic evolution of U.S. city size distribution, finding approximately parallel growth in the U.S. urban system, 'despite its spatial expansion'.
Overall, the Ethiopian urban system has experienced gradual growth in small and medium-sized cities and the apparently diminishing role of Addis Ababa as a primate city. Having accounted for~32 percent of Ethiopia's urban population in 1984, this figure continuously declined over the study period, recorded at~29 percent in 1994,~23 percent in 2007, and~20 percent in 2012 percent. Hence, the Ethiopian urban system has manifested a growth pattern of increasingly parallel urban growth (Wubneh, 1980; Wubneh, 2013) . In practice, however, the economic, cultural, and political dominance of Addis Ababa is likely to persist: it is the headquarters of the African Union and the UN Economic Commission for Africa, the country's capital city, and an emerging international centre with diverse economic and cultural characteristics.
Finally, we compared our results to two similar previous studies based on city population data. Our finding of a parallel growth pattern in Ethiopia's city size distribution from 1984-2012 is similar to that of Wubneh (1980 Wubneh ( , 2013 , who studied the period from 1984 to 2010. However, we improved on previous studies by using multiple methods and various sample sizes to conduct more rigorous research.
In line with our findings, we call for further verification and research. Further verification is recommended from both urban data and methodology perspectives. Extraction of data from night-time images could provide a good comparison for the data used in this study (Anderson, Tuttle, Powell, & Sutton, 2010; Sutton, Taylor, & Elvidge, 2010) environment.
Policy implications
This paper's results can elucidate policy issues in Ethiopia. Most importantly, we showed that the number and rate of small and A. Ermias et al. Journal of Urban Management xxx (xxxx) xxx-xxx medium-sized cities increased at national level, and revealed disparities in city size distribution at regional level. Although Addis Ababa has remained a primate city, its percentage of the country's total urban population has declined. Aside from economic and population growth in Ethiopia, the country's national policies played a key role in shaping Ethiopia's urban growth dynamics. The two periods from 1984 to 1994 and from 1994 to 2007 coincided with major changes in the country's political history, with implications for the country's urban system. The number of Ethiopian cities with a population exceeding 2,000 inhabitants increased from 648 in 1984 to 972 in 2007. Such changes correspond with two significant policy changes: first, regime change in 1991 brought a shift from a socialist to a free-market economy; and second, the 1995 Ethiopian constitution granted formation and decentralisation of the country's regional states. Most importantly, the country's political system issued a constitutional mandate allowing regional states to form their own rural and urban administrations. Such policy changes encouraged the formation and expansion of small and medium-sized cities.
Ethiopia's Growth and Transformation Plan (GTP) is the country's multi-year development policy, which aims to propel the country to middle-income status during the next decade (achieving lower middle-income country status by 2025). The first Growth and Transformation Plan (2010/11-2014/15 ) and its successor plan entitled the second Growth and Transformation Plan (2015/ 16-2020/21) have urban governance and development policies. Urban-specific policies regarding urban planning, small and micro enterprise support, integrated infrastructure provision, climate change and green development, integrated housing development, construction, land development and management, and urban governance are enacted and operational, with all implementation challenges, in most cases. Hence, reviewing existing urban development policies in line with the dynamics in large, medium-sized, and small cities is an essential area of policy debate.
Another interesting issue is that city size distribution in Ethiopia showed different modalities when applying different city thresholds. The formation and expansion of small and medium-sized cities are mainly attributable to administrative and political factors, while socio-economic factors especially influence large cities. This finding, thus, indicates that the driving forces for big cities and for small and medium-sized cities may differ. The implication is that urban development policies should be separately tailored to large cities and to small-and medium-sized cities. Large cities need to control population growth and migration, whereas small and medium-sized cities should aim for expansion. In setting current and future policies, it is necessary to review data from previous years and use them to plan ahead with specific targets and guidance for different-sized cities.
Limitations
Although Gini coefficients have been successfully adopted and applied to investigate city size distribution in Ethiopia, certain issues in this study demand more detailed future analyses. First, many other techniques can be used to study city size distribution, including the Pareto-and double Pareto-lognormal distribution (Giesen, Zimmermann, & Suedekum, 2010) . In addition, other than OLS, such methods as Hill's estimator (Soo, 2007) and maximum likelihood (Anderson & Ge, 2005) may be alternative approaches for studying this phenomenon.
Second, due to city-level data constraints, we compared Ethiopian datasets for 1984, 1994, 2007, and 2012 with Kenyan and Ugandan urban datasets for 1979, 1989, 1999, and 2009 . This variation between the datasets may have inherent limitations for depicting specific temporal city size distribution.
Third, city-level data are missing in some cases, and because the last Ethiopian census was carried out in 2007, this paper used the CSA's projected data for 2012.
Conclusion
This paper employed different methods, including descriptive statistics and time-series Gini coefficients, to investigate apparent changes in Ethiopia's city size distribution at different time periods. Overall, Ethiopia's urbanisation has experienced rapid growth, in terms of both population growth and an increasing number of cities. The country's urban population grew from~4.5 million in 1984 to~15.3 million in 2012, while the number of cities with more than 2,000 inhabitants increased from 648 to 972. However, many Ethiopian cities are concentrated towards the lower end of the urban hierarchy. The Ethiopian city system is clearly less mature and incomplete, as settlements with fewer than 2,000 inhabitants can also be considered cities.
By comparing city-level data for 1984 and 2012, we find that Ethiopian cities are generally more evenly distributed where the pattern of urban growth has been parallel. Gini coefficients derived from multiple samples and datasets demonstrate that Ethiopian urban growth indeed displays parallel growth. However, Gini coefficients for Ethiopian regional states vary considerably. For example, Benishangul Gumuz, and Afar have low Gini values between 0.31 in 1994 and 0.41 in 2012. Meanwhile, Gini coefficients for Tigray, Oromia, SNNP, and Amhara are between 0.51 and 0.59 for the same period. We also compared Gini coefficients for Ethiopia with those for Kenya and Uganda, finding that all three countries showed generally even distribution, although Ethiopia's case is increasingly more even.
The two periods of 1984 to 1994 and 1994 to 2007 were highly consistent with changes in the country's political system and policy issues. Following the constitutional mandate of Ethiopian regional states, many new and emerging cities have formed and/or expanded across the country. Gini coefficients will likely be important for further understanding the evolution of city size distribution from practical perspectives. Recent debates on the country's urban development policy will benefit from this study's findings that large cities and small and medium-sized cities require separate and specific policy interventions and policy implementation modalities. In addition, policy debates on the Ethiopian urban system should explore the extent to which development prioritises small and medium-sized cities, which are increasing in both number and population.
